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The response of the atrioventricular (AV) junction to
brief intense adrenergic stimulation applied during ep-
isodes of second degree heart block achieved by acetyl-
cholinesterase paralysis in the AV junction was exam-
ined in six dogs. Despite profound depression of AV
conduction due to enhanced cholinergic activity, strong
local adrenergic stimulation still readily elicited AV
junctional tachycardia. Increase in cholinomimetic in-
fluences in the AV junction did not prolong transatrial
or His bundle-ventricular conduction times. During AV
junctional rhythm and retrograde atrial capture
(n = 4), neither the sequence of retrograde atrial acti-
vation nor the atrial electrogram configurations were
altered. In the two remaining dogs the AV junctional
tachycardia was associated with AV dissociation.
These findings suggest that the acetylcholine-induced
Atrioventricular (AV) block is a frequent complication of
posterior myocardial infarction, and enhanced cholinomi-
metic influences are often responsible for the conduction
disturbances (1). Augmented sympathoadrenergic activity
is another characteristic adaptive mechanisms evoked by
myocardial ischemia (1,2) and it has been shown that non-
reciprocal cardiovascular reflexes can simultaneously acti-
vate both efferent limbs of the autonomic nervous system
(3,4). Few studies have examined the effects of simulta-
neous increases of adrenergic and cholinergic influences on
AV junctional automaticity and AV conduction (5-7), and
we are not aware of any published accounts concerned with
the response of AV junctional automaticity to adrenergic
stimulation during an acetylcholine-induced high degree AV
block.
Because of the availability of a method that permits direct
From the Division of Cardiology, Department of Medicine, University
of Alabama at Birmingham, Birmingham, Alabama. This work was sup-
ported by National Heart, Lung. and Blood Institute Grant 31536 and
Specialized Center of Research on Ischemic Heart Disease Grant
5P50HLl7667 from the National Institutes of Health, Bethesda, Maryland.
Manuscript received October 25, 1985; revised manuscript received
January 6, 1986, accepted April 8, 1986.
Address for reprints: Ferdinand Urthaler, MD, Division of Cardiology,
340 Zeigler, Department of Medicine, University of Alabama Medical
Center, Birmingham, Alabama 35294.
© 1986 by the American College of Cardiology
depression of AV conduction is located in the AV node
region exclusively. More important, however, is the
demonstration that retrograde atrial activation origi-
nating from a pacemaker located in the AV node or
immediate vicinity could actually precede the inscription
of the H spike by a considerable amount of time, further
suggesting that anterograde conduction from the pace-
maker site to the bundle of His is far more depressed
by acetylcholine than is the concomitant retrograde con-
duction from the pacemaker site to the atrium. Thus,
inference of the origin of a subsidiary pacemaker from
the P wave configuration or the relation of the A wave
to the His bundle electrogram, or both, may lead to
erroneous conclusions.
(J Am Coil CardioI1986;8:657-60)
cholinergic and adrenergic manipulations of the AV junc-
tional region only, we decided to examine, in an otherwise
normal heart, the response of the AV junction to brief,
intense adrenergic stimulations applied during episodes of
second degree heart block achieved through acetylcholin-
esterase paralysis in the AV junction. Special emphasis was
directed toward assessing and comparing the sequence of
retrograde atrial activation during AV junctional rhythms
evoked before and after severe depression of AV conduc-
tion.
Methods
Experimental preparation. Six mongrel dogs of either
sex weighing 18 to 22 kg were anesthetized with pento-
barbital sodium (30 mg/kg body weight intravenously).
Ventilation was maintained through a cuffed endotracheal
tube attached to an intermittent positive pressure Harvard
pump supplying room air. The chest was opened in the right
fourth intercostal space and the pericardium was incised and
reflected to cradle the heart. Multipolar electrodes were
sutured on the atrial epicardium: the tip of the right atrial
appendage, the region of the sinus node, the eustachian
ridge, the sulcus terminalis (at a point equidistant between
the sinus node and the eustachian ridge), Bachmann's bun-
0735-1097/86/$3.50
658 URTHALERET AL.
JUNCTIONAL RHYTHM DURING ATRIOVENTRICULAR BLOCK
JACe Vol. 8. No.3
September 1986:657-60
dle, the tip of the left atrial appendage and the posterior left
atrium (just above the coronary sinus). In all experiments
a His bundle electrogram was obtained with a standard pac-
ing electrode catheter (10 mm interpolar distance, 5F or 6F)
advanced into the aortic root. A lead II, III or aVF electro-
cardiogram was also recorded in every animal.
Measurements. All measurements of cardiac conduc-
tion times were made from tracings obtained at a paper speed
of 100 mm/s. During AV junctional rhythm with retrograde
atrial capture, retrograde transatrial conduction time was
estimated by measuring the time elapsing between the first
fast deflection of the A wave (crossing the isoelectric line)
and Bachmann's bundle (A-B), and the times elapsing be-
tween Bachmann's bundle and the sinus node (B-SN) and
between Bachmann's bundle and the left atrial appendage
(B-LAA).
Acetylcholine and epinephrine administration. The
AV node artery was cannulated with a small polyethylene
catheter. To assess the accuracy of the responses to AV
junctional perfusion, 2 ml of acetylcholine chloride (0.1
p.g/ml prepared in Ringer's solution) was injected into the
AV node artery during sinus rhythm. The preparation was
considered adequate only if the injection of acetylcholine
caused an immediate, complete AV block for at least 2
seconds (8).
To obtain transient and reproducible maximal AV junc-
tional tachycardia, norepinephrine bitartrate (0. I to 0.2 p.g/ml,
2 ml, prepared in Ringer's solution) was injected into the
AV node artery. To achieve second degree heart block through
enhanced cholinergic activity, small volumes (2 m!) of phy-
sostigmine salicylate (eserine), 25 to 50 p.g/ml, were ad-
ministered into the AV node artery.
Results are expressed as mean ± 1 SO.
Results
Adrenergic stimulation of the atrioventricular (AV)
junctional region before acetylcholinesterase inhibition.
In the six dogs the control sinus rate averaged 137 ± 5
beats/min. Injection of norepinephrine (0.1 p.g/ml, 2 ml)
into the AV node artery caused an AV junctional tachycardia
averaging 166 ± 11 beats/min. Injection of the next higher
concentration of norepinephrine (0.2 p.g/ml, 2 ml) produced
a virtually identical AV junctional tachycardia (165 ± 10
beats/min) indicating maximal chronotropic response of the
AV junctional pacemaker to adrenergic stimulation. Figure
1A shows the typical response of the AV junction to such
a maximal local adrenergic stimulus. Note the escape of the
AV junctional pacemaker (second beat) and the subsequent
progressive emergence of the H spike in front of the A wave.
Every dog had one or more atrial fusion beats (for example,
the fourth and fifth beats in Fig. IA) before complete ret-
rograde atrial capture by the AV junctional pacemaker oc-
curred. During established AV junctional rhythm, onset of
retrograde atrial depolarization always preceded the onset
of ventricular depolarization. In one dog the earliest atrial
activation was recorded in Bachmann's bundle (5 ms before
the eustachian ridge). In two dogs depolarization of the
eustachian ridge and activation of Bachmann's bundle were
simultaneous. In the three remaining dogs, the eustachian
ridge was depolarized (5, 10 and 10 ms, respectively) earlier
than Bachmann's bundle. During AV junctional rhythm the
eustachian ridge and Bachmann's bundle were always ac-
tivated before any other sites from which recordings were
obtained.
Adrenergic stimulation of the AV junction after ac-
etylcholinesterase paralysis. Injection of 2 ml physostig-
mine, 25 to 50 p.g/ml, into the AV node artery progressively
prolonged the AH interval until 2: I, 3: 2 or 4: 3 Wencke-
bach AV block occurred. Maximal cholinomimetic activity
lasted for at least 7 minutes, which allowed for enough time
to examine the response of the AV junction to maximal
adrenergic stimulation. During second degree heart block
intranodal norepinephrine (up to 0.2 p.g/ml, 2 m!) caused
an AV junctional tachycardia in every dog. The average
rate of this tachycardia (159 ± 7 beats/min) was almost
identical to that observed before physostigmine administra-
tion. In two dogs the AV junctional tachycardia was as-
sociated with AV dissociation because of retrograde AV
block. In the four other dogs, however, there was a I: 1
retrograde atrial capture with atrial depolarizations always
preceding the inscription of the His spikes. Figures IB and
C illustrate the characteristic sequential changes observed
in these experiments. Note the progressive transition from
a second degree anterograde AV block (during sinus rhythm)
to an AV junctional rhythm (last four beats in Fig. IC), in
which the onset of the retrograde atrial depolarization occurs
at least 100 ms before the inscription of the H spike.
Before intranodal physostigmine administration (Fig. IA),
retrograde atrial activation began before and always ter-
minated during ventricular depolarization. After physostig-
mine, the four dogs with retrograde atrial capture during
AV junctional rhythm had the retrograde atrial activation
consistently shifted to the left (relative to ventricular acti-
vation), therefore always occurring much earlier with re-
spect to ventricular depolarization than in the absence of
eserine. In these four dogs retrograde transatrial conduction
times were identical before and after physostigmine admin-
istration with A-BB measuring 18 ± 2 ms, BB-SN 6 ± I
ms and BB-LAA 8 ± 2 ms (A = A wave; BB = Bach-
mann's bundle; LAA = left atrial appendage; SN = sinus
node). Also, physostigmine did not prolong the HV interval.
Although the configuration of the atrial electrograms was
not affected by the presence of physostigmine in the AV
node, all four dogs showed an earlier activation (5 ms in
one and 10 ms in the three other dogs) of the region of the
eustachian ridge than that observed before administration
of eserine. In only one of these dogs had there been a
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Figure 1. A, Illustration of the transition from sinus rhythm to
AV junctional (AVJ) rhythm evoked by the injection of norepi-
nephrine (NE), 0.2 p.g/ml (2 ml), into the AV node artery (AVNA).
The injection lasted 3 to 4 seconds and was terminated 1 second
before the first beat of panel A. The open circles indicate that the
atrial electrograms result from an anterograde atrial activation orig-
inating in the sinus node (SN). The closed circles indicate that
the atrial electrograms are due to a retrograde atrial activation
originating in the AV junction. Note the two atrial fusion beats
(continuous vertical bars through all atrial electrograms in A). B
and C, Continuous records obtained 2 minutes after the injection
of eserine, 50 p.g/ml (2 ml), and 2 seconds after the injection of
norepinephrine, 0.2 p.g/ml (2 ml), into the AV node artery. B,
lIlustration of a 4:3 Wenckebach second degree heart block (beats
one through four) due to eserine and a progressive abbreviation
of the prolonged AH interval (see first beat of panel A for control)
due to intranodal norepinephrine. C, Illustration of the escape of
the AV junctional pacemaker indicated by the triangle in the His
bundle tracing and the transition from sinus rhythm to AV junc-
tional rhythm in the ensuing three beats. Note the changes in the
A (His) and P (lead II) waves that occur with the AV junctional
escape and the three atrial fusion beats indicated by the continuous
vertical bars through the atrial electrograms. Retrograde atrial
capture is complete with the last beat of panel Conly, and the
configuration of these atrial electrograms is identical to those (closed
circles) recorded in A. although retrograde atrial depolarization in
C occurs 100 ms earlier than the H spike, whereas in A (before
eserine in AV junction) retrograde atrial activation occurred after
the inscription of the H spike. The negative P wave during AV
junctional rhythm occurs because the activation of the eustachian
ridge (ER) precedes that of Bachmann's bundle (BB) by more than
10 ms. CT = crista (or sulcus) terminalis; LAA = left atrial
appendage; PLA = posterior left atrium.
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simultaneous activation of the eustachian ridge and Bach-
mann's bundle before cholinesterase paralysis, whereas in
each of the three other dogs activation of the eustachian
ridge already preceded that of Bachmann's bundle before
the acetylcholine-induced AV block. These findings suggest
that intranodal eserine has little or no effect on the sequence
of retrograde atrial activation, although the P waves in leads
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II, III or aVF always became mostly negative when the
depolarization of the eustachian ridge preceded that of Bach-
mann's bundle by more than 10 ms (Fig. lC, last three
beats).
Discussion
Injection of small volumes of adrenergic and cholinergic
compounds into the atrioventricular (AV) node artery is
ideally suited for the study of regional autonomic influences
on the AV node in the intact canine heart in situ. Further-
more, eliciting changes in AV junctional rhythms is the only
available experimental maneuver that allows simultaneous
assessment of AV conduction and AV junctional automa-
ticity.
Response of AV junctional automaticity to cholinergic
and adrenergic stimulation. The present study demon-
strates that, despite a profound depression of AV conduction
due to enhanced choline rgic activity in the AV junction,
strong local adrenergic stimulation can still readily elicit an
AV junctional tachycardia. These experiments also have
shown that during maximal adrenergic stimulation, the neg-
ative dromotrophic action (that is , prolongation of AV con-
duction time) due to submaximal cholinergic stimulation is
clearly demonstrable when few or no concomitant negative
chronotropic effects are detectable . This finding, which is
in accord with a previous report (7), indicates that there is
a differential responsiveness of AV junctional automaticity
and AV conduction to the same autonomic maneuvers (6,7,9).
Effects on anterograde and retrograde conduction.
Acetylcholinesterase paralysis in the AV junction did not
prolong transatrial or His bundle-ventricular conduction times.
This observation and the fact that in each of the four dogs
with AV junctional rhythm and retrograde atrial depolari-
zation neither the sequence of retrograde atrial activation
(except for an earlier activation of the eustachian ridge after
eserine) nor the atrial electrogram configurations were al-
tered suggest that the acetylcholine-induced depression of
AV conduction is located in the AV node region exclusively.
More important, however, is the demonstration that retro-
grade atrial activation originating from a pacemaker located
in the AV junction could actually precede the inscription of
the H spike by such a considerable amount of time. We
interpret this finding to indicate that in the four dogs with
AV junctional rhythm and retrograde atrial capture , anter-
ograde conduction from the pacemaker site to the bundle
of His takes considerably more time after acetylcholine than
does the concomitant retrograde conduction from the pace-
maker site to the atrial border. In contrast, in the two dogs
in which AV dissociation accompanied the bouts of AV
junctional tachycardia, acetycholine must have depressed
retrograde conduction to the atrial border proportionally more
than anterograde conduction to the bundle of His.
These experiments cannot provide any detailed infor-
mation concerning possible pacemaker shifts that are likely
to occur within the AV junction in response to such auto-
nomic maneuvers. However, whether present or absent.
intra-AV junctional shifts in pacemaker sites would have
little or no bearing on the interpretation of our results. Al-
though we cannot categorically exclude the possibil ity of a
low atrial rhythm (coronary sinus rhythm for example) that
does not originate from within the AV node proper , we
nevertheless believe that pacemaker shifts outside of the AV
junction were unlikely because neither the atrial electro-
graphic configurations nor the retrograde atrial activation
sequence was altered during these autonomic maneuvers .
Conclusion. Thus, our experiments have demonstrated
that, under appropriate autonomic influences, an AV junc-
tional rhythm can readily emerge during high degree AV
block and that this escape rhythm can easily mimic a variety
of ectopic atrial rhythms with P wave configurations that
are positive, biphasic or frankly negative. Thus, inference
of the origin of a subsidiary pacemaker from P wave con-
figuration or the relation of the A wave to the His bundle
electrogram, or both, may lead to erroneous conclusions.
We acknowledge the expert technical help of Clarence Forrest and the
excellent secretarial assistance of Cindy Roberts.
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